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tory,  W.  L.  Buccholz,  project  engineer. 

This  report  covers  work  conducted  from  November 
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ABSTRACT 


This  report  presents  the  results  of  a  dynamic 
evaluation  of  a  Thrust  Stand  System  designed  tinder 
Contract  AF  04(611)- 10536.  The  testing  includes  si¬ 
nusoidal  power  measurements  from  10  cps  to  2000  cps 
using  an  electrodynamic  shaker  as  the  input  force  and 
step  unload  force  input  with  a  decay  time  of  less  than 
0. 1  msec.  The  results  are  presented  in  terms  of  ac¬ 
celeration,  displacement,  and  force  as  appropriate  to 
the  components  under  test. 
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SECTION  I 


INTRODUCTION 


This  report  presents  the  results  of  vibration  and  force 
measurements  which  were  made  at  the  Environmental  Labora¬ 
tories  of  Hughes  Aircraft  Company  on  a  High  Response,  Low 
Level  Thrust  Stand  System,  The  equipment  was  designed  and 
fabricated  by  Hughes  Research  Laboratories  under  Contract 
No.  A F  04(6ll)-10536.  The  objectives  of  this  effort  were  to 
analyze  the  thrust  stand  system  using  government  furnished 
engines;  to  determine  all  resonant  frequencies  and  their  origin; 
to  eliminate  resonances  caused  by  engine  brackets,  mounting 
techniques,  and  propellant  linen;  and  to  make  recommendations 
for  minimizing  engine  and  propellant  valve  res  onanc'  a.  The 
scope  of  this  effort  also  included  design,  fabrication,  test,  and 
delivery  of  engine  mounting  brackets,  propellant  lines,  and 
bellows . 
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COMPONENT  DESIGN 


The  detailed  design  of  hardware  such  as  engine  mounting 
brackets,  propellant  lines,  and  bellows  is  essential  to  the  perfor¬ 
mance  of  the  thrust  stand  system.  In  the  design  of  the  brackets  for 
the  Marquardt  and  Rocketdyne  engines,  consideration  has  been  given 
to  stiffness  and  weight  as  they  affect  the  stand  and  mounting  provi¬ 
sions  which  affect  the  operation  of  the  engines.  The  designs  pre¬ 
sented  have  been  tested  and  found  to  be  adequate.  In  the  design  of 
the  propellant  line  bellows,  previous  experience  has  led  to  a  unique 
but  simple  component  which  performs  well.  Satisfactory  perfor¬ 
mance  of  the  engine  mounting  platform  suspension  in  conjunction 
with  the  propellant  bellows  is  essential  to  system  performance;  the 
design  of  this  system  is  quite  satisfactory. 

The  location  of  these  components  on  the  complete  thrust 
platform  is  shown  in  Figure  1.  The  Engine  Mounting  Adapter  shown 
in  the  figure  was  designed  for  the  Marquardt  engine.  A  dummy  en¬ 
gine  is  installed  in  the  adapter  shown  in  the  figure.  The  propellant- 
fine  bellows  are  shown  capped  at  the  point  where  the  rigid  line  at¬ 
taches  between  the  engine  and  the  bellows. 


A.  PROPELLANT  LINES  AND  BELLOWS 


Propellant  fines  from  stationary  points  on  the  thrust  stand 
to  the  propellant  valves  hav*i  been  installed.  The  propellant  fines 
are  fabricated  of  304  stainless  steel  tubing  and  are  compatible  with 
the  port  size  on  the  propellant  valves.  Specially  designed  bellows 
sections  have  been  installed  between  the  stationary  thrust  stand 
base  and  the  engine  mounting  platform.  Two  bellows  sets  were  fab¬ 
ricated  by  Metal  Bellows  Corporation,  Chatsworth,  California,  in 
accordance  with  the  specifications  shown  in  Figure  2.  The  combined 
spring  rate  of  the  propellant  fine  bellows  and  the  flexures  of  the  plat¬ 
form  suspension  system  is  500  lb/in.  This  spring  rate  is  less  than 
0. 1  %  of  the  system  spring  rate.  This  stiffness  is  dictated  by  tho 
contractual  requirement  that  the  bellows  lines  be  designed  so  that 
when  a  100  lb  force  is  applied  to  she  thrust  stand  system,  no  more 
than  0.1  lb  will  be  absorbed'by  the  propellant  fines.  The.  bellows 
fines  were  designed  to  minimize  the  bourdon  tube  effect  of  pressur¬ 
ized  lines.  A  500  lb  change  in  pressure  results  in  ah  apparent  thrust 
change-  of  no  more  than  ±  0. 1  lb. 
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Figure  2.  Detail  of  propellant  line  bellows  fabricated  by  Metal  Bellows 
Corporation. 


All  materials  used  in  the  bellows  units  are  compatible  with 
N^O^  and  N^H^  fuel  blends.  The  bellows  are  3/8  in.  with  a  safety 
factor  of  2  at  a  working  pressure  of  500  psi.  The  porting  on  the 
bellows  assemblies  is  AND10050-6,  Detail  of  fabrication  are  avail¬ 
able  from  Metal  Bellows  Drawing  No.  D  57797. 


-3>  ENGINE  MOUNTING  ADAPTERS 

Engine  mounting  adapters  were  designed  and  fabricated  which 
mate:  the  engines  (as  described  in  Rocketdyne  E207120  and  Marquardt 
E228305  drawings!  to  the  engine  mounting  platform  of  the  thrust  stand 
-  system.  These  adapters  are  shown  in  Figure  3.  The  detailed  evalua¬ 
tion  of  these  adapters  is  included  in  the  discussions  of  the  vibration 
and  force  measurements;  however,  it  is  generally  concluded  that  no 
resonance  is  associated  with  the  adapters  below  1000  cps. 

The  details  of  fabrication  of  Engine  Mounting  Plate  A  are  in¬ 
cluded  in  Air  Force  Drawing  No.  X65  D.7435;  the  details  of  Engine 
Mounting  Plate  B  are  included- in  Air  Force  Drawing  No.  X65  D  7436. 


(a)  Adapter  designed  for  Marquardt  radi¬ 
ation  cooled  engine. 


(b)  Adapter  designed  for  Rocketdyne 
ablative  cooled  engine. 


Figure  3.  Engine  mounting  adapters  fabricated  for  thrust  stand  system. 


SECTION  III 


SYSTEM  TEST 


The  complete  system  (including  thrust  platform,-  instrumen¬ 
tation  console,  and  hydraulic  power  supply)  was  moved  to  the  Envi¬ 
ronmental  Laboratory  for  this  set  of  measurements.  The  thrust 
platform  included  the  items  designed  Tinder  this  contract,  as  well 
as  all  items  included  in  Contract  AF  04{6li  )-10536„  These  measure¬ 
ments  established  the  response  characteristics  of  the  thrust  stand 
system. 


A.  TEST  METHOD 


1.  Sinusoidal  Testing 

Sinusoidal  force  input  to  the  stand  was  provided  by  coupling 
an  electrodynamic  force  generator,  or  "shaker,  "  to  the  thrust  stand. 
The  test  setup  shown  in  Figure  4  was  used  for  the  first  series  of  tests 
(sequences  No.  1-22).  In  this  series  the  shaker  was  coupled  to  the 
thrust  stand  at  the  engine  mounting  points  through  an  adapter  ring  and 
four  Endevco  Model  2103-500  force  gauges.  The  test  setup  is  shown 
schematically  in  Figure  5.  The  test  setup  shown  in  Figure  6  was  used 
for  the  second  series  of  tests  (sequences  No.  23-35).  In  this  series 
the  shaker  was  coupled  to  the  load  cell  through  a  force  gauge  attached 
to  the  calibrator  aft  end. 

The  force  gauge  outputs  were  used  to  provide  force  input  level 
monitoring  and  control.  For  the  first  series  of  tests,  input  level  con¬ 
trol  was  achieved  by  amplifying  the  four  force  gauge  output  signals  and 
feeding  the  amplified  signals  into  a  summing  network.  The  outputfrom 
this  summing  network  represented  the  vector  sum  of  the  individual 
force  inputs  to  the  thrust  stand  and  was  applied  to  the  shaker  control 
servo  input.  During  the  second  series  of  tests,  input  level  control  was 
achieved  as  in  the  first  tests,  except  that  only  one  force  gauge  was 
used  (eliminating  the  requirement  for  the  summing  amplifier). 

Accelerations  were  measured  by  piezoelectric  accelerometers 
mounted  at  the  desired  locations.  All  force  gauge,  accelerometer,  and 
load  cell  outputs  ware  recorded  on  oscillograph  records  and  magnetic 
tape  for  future  analysis.  Schematic  diagrams  showing  instrumentation 
hookups  for  both  series  of  test  are  given  in  Figures  7  and  8. 


Figure  5.  Test  setup  for  applying  force  to  engine  attach  points. 
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Figure  6.  Test  setup  for  applying  force  input  to  dynacouplsng. 
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With  force  input  to  engine  mounting  points,  tests  were  run 
with,  real  and  dummy  Marquardt  and  Rocketdyne  engines  mounted 
~on;the  thrust  stand.  During  tests  where  force  was  to  the  calibrator, 
a  Marquardt  dummy  engine  was  mounted  on  the  thrust  stand.  Table  I 
lists  the  test  runs. 


Unload  Testinc 


The  next  type  of  input,  the  step  unload,  is  illustrated  by  the 
test  setup  and  results  shown  in  Figure  9.  The  results  shown  are  for 
a  25  lb  run;  however,  the  result  does  not  depend  on  amplitude  in  the 
range  up  to  1001b.  The  results  are  shown  for  the  complete  system 
and  for  the  system  without  the  platform.  The  ringing  frequency  and 
rise  time  are  about  the  same;  however,  the  overshoot  is  greater  in 
the  complete  system,  indicating  that  the  platform  contributes  to  the 
ringing.  The  ringing  frequency  is  570  cps,  as  indicated  on  the  scope 
traces.  These  results  are -further  explained  in  Section  III-A-1  by 
showing  that  the  differential  pressure  transducer  and  the  platform 
are  resonant  at  approximately  the  same  frequency.  The  input  step 
is  shown  as  measured  by  a  quartz  force  transducer  to  illustrate  that 
the  rise  time  of  the  input  is  insignificant  compared  with  the  rise  time 
of  the  output  pulse. 


B.  DISCUSSION  OF  RESULTS 


The  ratio  of  force  input  to  the  stand  to  the  measured  output 
of  the  load  cell  is  shown  in  Figures  10  through  13;  Figures  10  and  11 
give  the  force  transmissibilities  for  the  dummy  and  real  Marquardt 
engines,  respectively,  and  Figures  12  and  13  give  the  force  trans¬ 
missibilities  for  the  dummy  and  real  Rocketdyne  engines,  respec¬ 
tively.  Acceleration  transmissibilities  are  shown  in  Figures  14 
through  17  for  the  transmissibitities  of  the  engine  mount  to  the  front 
plate  for  each  of  the  four  engin-c.  The  ratio  of  the  acceleration  of 
the  front  of  the  platform  to  the  force  input  is  shown  for  sequence  No.  22 
in  Figure  18. 

The  ability  of  the  load  cell  to  accurately  measure  the  amount 
of  force  applied  to  the  engine  mount  can  be  evaluated  from  the  force 
transmissibilities  shown  in  Figures  14  through  17.  These  figures 
are  practically  identical;  therefore,  the  influence  of  the  various  en¬ 
gines  on  the  force  transmission  characteristics  of  the  stand  is  insignifi¬ 
cant.  These  curves  appear  fuzzy  because  the  output  of  the  load  cell 
was  noisy,  and  the  time  constant  used  in  the  analysis  was  insufficient 
to  smooth  the  curves.  As  can  be  seen  from  these  figures  the  force  out¬ 
put  remains  somewhat  less  than  the  input,  up  to  approximately  250  cps. 
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Figure  9.  Step  unload  test  setup  and  results. 
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Acceleration  «.ransmissibility  for  dummy  Rocketdyne  engine. 
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Above  250  cps  the  output  is  amplified;  it  peaks  at  550  cps,  reaching 
a  value  approximately  25  times  the  input.  Beyond  550  cps  the  out¬ 
put  drops  off  rapidly  and  becomes  undefinable  because  of  the  in¬ 
fluence  of  structural  resonances  in  the  stand.  After  these  tests  it 
was  determined  that  the  clearance  of  the  load  cell  spool  in  the  hous¬ 
ing  was  tod  small  and  friction  forces  were  appreciable.  The  spool 
has;  since  been 'machined  to  reduce  this  friction  force;  the  friction 
may  well  have  accounted  for  the  transmissibilities  being  less  than 
1.  0  below  250  cps.  The  system  spring  constant  was  calculated  to 
be  approximately  one -half  million  pounds  per  inch;  because  of  this 
high  sprihg,cbnstant  and  corresponding  low  fore  t  input  the  deflec¬ 
tion  and  resulting  accelerations  were  very  low  at  frequencies  below 
the  system  resonance.  Figure  19  is  a  plot  of  the  theoretical  acceler¬ 
ation  of  the  platform  for  a  force  input  of  20  lb  based  on  a  single¬ 
degree-  of-freedom  system  with  a  resonant  frequency  of  550  cps  and 
-an  amplification  factor  of  25.  This  figure  illustrates  the  wide  range 
of  accelerations  which  occur  from  20  to  2000  cps.  With  the  instru¬ 
mentation  calibrated  so  that  the  maximum  acceleration  was  full 
scale,  the  noise  floor  of  the  instrumentation  was  between  0.  3  and 
0. 1  G.  This  region  is  shown  in  Figure  18,  and  illustrates  the  diffi¬ 
culty  in  measuring  the  acceleration  below  300  cps. 

Therefore,  because  of  low  voltage  signals,  the  validity  of  the 
acceleration  transmissibilities  {Figures  14  through  17)  is  questionable 
below  300  cps.  Above  300  cps  these  figures  can  be  considered  accu¬ 
rate;  they  show  no  resonance  in  the  engine  mount  between  300  and 
550  cps. 

The  lumped  mass  system  shown  in  Figure  20  was  developed 
to  illustrate  the  first  mode  shape  and  relative  stiffnesses  of  the  sys¬ 
tem.  The  weight  distribution  used  for  this  model  is  only  an  approxi¬ 
mation,  since  the  purpose  of  the  model  is  to  indicate  only  the  rela¬ 
tive  mode  shape.  The  stiffness  values  used  in  the  model  were  esti¬ 
mated  from  a  knowledge  of  the  system’s  natural  frequency  (550  cps) 
and  the  relationship  of  the  over-all  stiffness  to  the  force  motor  stiff¬ 
ness.  This  relationship  between  load  cell  stiffness  and  system  stiff¬ 
ness  was  determined  from  Figure  21.  This  figure,  which  gives  the 
acceleration  transmissibility  of  the  front  of  the  platform  to  the  rear 
of  the  platform  and  is  accurate  above  300  cps,  indicates  that  the  mo¬ 
tion  at  the  front  of  the  platform  is  approximately  ten  times  that  at 
the  rear.  Therefore,  the  system  spring  constant  measured  at  the 
front  of  the  platform  is  approximately  one-tenth  that  at  the  aft  end. 

The  acceleration  of  the  first  mass  of  this  model  {Figure  20)  divided 
by  the  force  input  (based  on  a  system  Q  of  25)  is  shown  in  Figure  22. 
This  figure  can  be  compared  with  Figure  18,  which  is  the  ratio  of  the 
measured  acceleration  at  the  front  of  the  platform  to  the  force  input. 
The  fact  that  Figure  18  is  comparable  to  Figure  22  indicates  that  the 
lumped- mass  model  of  the  system  is  valid. 
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When  the  system  is  driven  from  the  calibrator  end,  the  force 
output  was  less  than  one-tenth  of  the  input.  Misalignment  of  the 
shaker  and  thrust  stand  axis  could  have  created  a  friction  force 
which  would  lead  to  this  result.  With  a  force  input  o£  100  lb  the  out¬ 
put  was  less  than  10  lb  and  in  the  noise  floor  of  the  accelerometers. 
The  resonances  of  the  system  as  identified  by  this  second  series  of 
test  were  the  same  as  those  in  the  first  series.  The  load  cell  was 
driven  without  the  engine  mounting  platform,  and  no  resonances  were 
found  to  be  present.  This  test  covered  the  frequency  range  from;  10 
to  2000  cps.  The  output  from  the  load  cell  as  read  on  the  pressure 
transducer  increased  to  about  double  amplitude  at  600  cps  and  then 
dropped  off  quickly  as  the  frequency  increased. 


C.  CONCLUSIONS 


The  important  conclusions  which  can  be  reached  as  a  result 
of  these  tests  are 

1.  With  an  engine  mounted  in  the  platform  the  first 
resonant  frequency  of  the  stand  is  550  cps  with  a 
peak  amplification  factor  of  25, 

2.  The  550  cps  is  a  structural  resonance  of  the  platform¬ 
load  cell  system,  including  the  differential  pressure 
transducer.  The  amplification  of  the  pressure  trans¬ 
ducer  at  550  cps  is  approximately  2. 

5 

3.  The  system  spring  constant  is  approximately  5x10 
Ib/in.  and  the  load  cell  spring  constant  is  approxi¬ 
mately  5x10^  Ib/in. 

The  engines  tested  in  this  program  have  no  significant 
effect  on  the  force  transmission  characteristics  of  the 
thrust  stand  system. 


4. 


UNCLASSIFIED 


CUsaiBcatioa 


OOCUM£HT  CONTROL  DATA  •  RAD 


d  rwwnrr  eiMtiucantn  n  oo*y  m  m—nmct  «nc  umuxana  omsunon  mmi  m  m 

1 1.  ORiaWATIMO  ACTIVITY  (CcepxtH*  mt 

£•.  REPORT  HtSUdSTV  C  LASSIE  (CATION 

|  Hughes  Research  Laboratories 

Unclassified 

301 1  Malibu  Canyon  Road 

2  b-  «ROUP 

Malibu,  California  90265 

J.  SRPSWT  TITLE 

1  Testing  and  Analysis  of  a  Thrust  Stand  System 

Final  Report 


$.  AU-menffi)  dMt  Mat,  am  mm.  MtfsO 

Couvillion,  A.  J. ,  and  Tinling,  N.  G. 


«-  REPORT  DATE 

November  1966 

7S.  TUTAL  NO-  OP  PACES 

7b.  NO.  OP  REPS  1 

_ 

$*.  CONTRACT  OR  BRANT  KO. 

AF  04(611)-11379 

A  PROJECT  NO. 

3850 

C- 

Task  No.  673850 

a 

•  S.  OR1  SENATOR'S  REPORT  HUMBERTO 

9b.  OTHER  report  fA«y  attar  wins  MaciboanlfNtf 

10-  AVAILABILITY/LUCYATION  NOTICES 

Qualified  requesters  may  obtain  copies  of  this  report  from  DDC. 


11.  SUPPLEMENTARY  NOTES 


IS-  ABSTRACT 


IS-  SPONSORING  l* LITANY  ACTIVITY 

Air  Force  Flight  Test  Center 

Air  Force  Rocket  Propulsion  Laboratory  s 

Edwards  Air  Force  Base,  California 


This  report  presents  the  results  of  a  dynamic  evaluation  of  a 
Thrust  Stand  System  designed  under  Contract  AF  04(611)"  10536.  The 
testing  includes  sinusoidal  power  measurements  from  10  cps  to  2000  cps 
using  an  electrodynamic  shaker  as  the  input  force  and  step  unload 
force  input  with  a  decay  time  of  less  than  0. 1  msec.  The  results  are 
presented  in  terms  of  acceleration,  displacement,  and  force  as  appro¬ 
priate  to  the  components  under  test. 


DD  1473 


UNCLASSIFIED 
Security  CltSKifi  cation 


39 


INSTRUCTIONS 


I.  ORIGINATING  ACTIVITY:  SaurtiuMMMdiddtMi 
of  tec  contractor,  subcoat t ret or.  giaatea,  Depcstmest  of  D*- 
feat*  activity  or  oifcwr  organization  (corporate  author} 
the  report. 

2*.  REPORT  SECUirTT  CLASSIFICATION:  Eater  the  ocer- 
*11  security  clasalficatiott  cf  the  import.  Indicate  whether 
"Restricted  Data"  is  iacludad.  MaHrin*  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

26.  GROUP;  Artreatic  desfipadirg  is  specified  ia  DoD  Dr 
rectire  5200.  59  end  Armed  Forces  Industrial  Manual.  Eater 
the; croup  nuadbir.  Also,  when  applicable,  show  that  optional 
marking*  have  been used  for  Group  3  and  Group  4  as  author¬ 
ized.  ~  . 

3 .  REPORT  TITLE:  Eater  the  coaplxte  report  title  ia  ail 
capital  letters.  Titles  in  ell  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  ia  all  cap  it  sis  in  ptreatbesis 
Immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report.  e.(.,  interim,  progress,  summary,  aru.-jal,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHORfS):  Enter  the  name(s)  of  authors)  as  shown  on 
or  in  the  report.  Enter  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  «3tbor  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year;  or  month,  yean  If  moce  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7a.  TOTAL  NUMBER  OP  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i-e.,  enter  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  rspoit. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

86.  8c.  &  84.  PROJECT  NUMBER:  Eater  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATORS  REPORT  NUK3ER(Sfc  Entr*  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  leport. 

96.  OTHER  REPORT  NUMBERfS):  !f  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  6y  the  sponsor),  also  enter  this  numberfsi. 

10.  AVAIL ABIL.TT Y/LINITATIGN  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 


<^0  JSJ-551 


imposed  by  security  classifies  ties,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.” 

(2)  "Foreign  aneouecemcnt  and  dissemination  of  this 
report  by  DDC  is  not  authorized.  '* 

(3)  "UL  S.  Government  agencies  may  obtain  copies  of 
this  rspoct  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(S)  “All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  usars  shall  request  through 


If  the  report  has  bean  furnished  to  the  Office  of  Technical 
Services,  Department  vf  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  eater  the  price,  if  known. 

XL  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

IZ.  SPONSORING  MILITARY  ACTIVITY:  Ester  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  fpay 
irg  for)  the  research  and  development.  Include  address. 

13-  ABSTRACT:  Enter  an  abstract  giving  a  brief  mid  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  cay  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  apace  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Ev-h  pasegraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph.  represented  as  .TS).  (3).  ( C).  or  (V) 

There  is  no  limitation  cn  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  cay  be  used  as 
index  entries  for  cataloging  the  report-  Key  words  must  be 
selected  so  that  no  i«ccrity  classification  is  required.  Identi¬ 
fiers,  such  us  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  usee  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  optional 


Security  ClasstOcatioc 


